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(54) ELECTROSTATIC SPRAY COATING METHOD AND* 
POWDER PAINT COMPOSITION SUITABLE FOR IT 



(71) We, TEKKOSHA CO. LIMI- 
TED, a Japanese Company, of 4 — 8, 3-<chome, 
Kyobashi, Chuo-Ku, Tokyo, Japan, do hereby 
declare the invention for which we pray that 
5 a Patent may be granted to us, and the method 
by which it is to be performed to be par- 
ticularly described in and by the following 
statement: — 

This invention relates to a vinyl electrostatic 

10 spray coating powder paint composition and 
a process for producing it. 

Previously, there have been mostly used 
solution paints in which the paint components 
are dissolved in organic solvent or emulsion 

15 paints in which the paint components have 
been dispersed in an aqueous medium. How- 
ever, in the former case environmental pol- 
lution is caused by the organic solvents which 
evaporate while the paint is drying, and in the 

20 latter case, the resulting coating lacks certain 
, desirable physical and chemical properties and 

accordingl y , powder-paints which do not use a- 

liquid medium have recently appeared, and a 
painting method using this has been developed, 

25 domestic appliances, steel furniture, piping, 
and automobile parts, for example, having been 
painted thereby. There are variations in this 
painting method, but recendy particular notice 
has been taken of an electrostatic dry spray 

30 painting method in which powder paint 
charged to a high voltage has been compelled 
to flow in air to be deposited electrostatically 
and to adhere to an article to be painted, 
whereupon the paint has been melted by 

35 heating to form a paint film. 

Vinyl powder paint used as the conventional 
electrostatic dry spray coating powder paint is 
produced by the following methods: 



(1) After the resin has been dissolved in a 
solvent and film forming elements such as 40 
pigment, plasticizer, and stabilizer, have been 
added to it, a non-solvent is added with 
vigorous stirring to precipitate the paint in 
powder form. 

(2) The resin is melted by heating, pigment 45 
and film forming elements are added thereto 
with stirring, and after cooling the mixture is 
pulverized by a dissolution pulverizing method. 

(3) The resin pigment and film forming 
elements are mixed by a high speed rotating 50 
mixer in a dry blending method. 

However, method (1) must use solvent, and 
also requires the steps of dissolving resin, 
depositing powder paint particles and retrieving 
the solvent. 55 

Since method (2) requires a pulverizing 
step, the powder particles thus obtained be- 
come broken into pieces so that it becomes 
difficult to form flat and uniform film surfaces. 

paint coated with pigment particles around the 
powder particles. 

Recently, there have been proposed the fol- 
lowing methods in addition to the afore- 
mentioned methods. 65 

One of them is a method of producing 
powder paint containing suspend on-polymer- 
izable vinyl chloride monomer or vinyl chloride 
monomer with another monomer such as vinyl 
acetate or vinyl ether, in the presence of carbon 70 
black by using an oil-soluble polymerization 
initiator, e.g. an organic peroxide such as 
diisopropylperoxydicarbonate, or azobisiso- 
butyronitrile (Japanese Patent Publication No. 
29475/72). However, in this method, the pig- 75 
ment is not sufficiently dispersed in the powder 
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particles. In addition, die size of the powder 
particles obtained is not constant, the thermo- 
stability is poor, and deterioration takes place 
during storage. Japanese Patent Publication 
No. 976/73 discloses a method of obtaining 
a hard vinyl chloride polymer composition 
adapted for machining which is polymerized by 
adding agents such as a stabilizer, a lubricating 
agent, a pigment and a polymer denaturing 
agent generally contained in hard vinyl chloride 
polymerization compositions, in advance of or 
during the polymerizing step, and then adding 
a polymerization stopping agent to stop the 
polymerization at a predetermined point. 

This method has several disadvantages, for 
example, the pigment may not be uniformly 
enclosed in the interior of the polymer particles, 
the diameters of the particles may not be 
uniform, and the diameters of the particles 
may not be optimum, so that the poly-vinyl 
chloride obtained may be poor in thermal 
stability. 

Japanese Patent Publication No. 10181/73 
discloses a method of obtaining a dispersible 
coating composition in which a resin including 
a carboxyl group is mixed with pigment, the 
carboxyl groups in the mixture are neutralised, 
the mixture emulsified in water, and a poly- 
merizable monomer is added and polymerized. 
Japanese Patent Publication No. 10182/73 
discloses a method of obtained aqueous coating 
composition in which pigment is mixed with 
a water-dispersible insoluble resin, the mixture 
then being emulsified in water by using emul- 
sifying agent or dispersing agent, a polymeriz- 
able monomer then being added and poly- 
merized. 

However, as a result of this method for 
producing aqueous compositions the diameters 
of the particles of poiymer are about 1 micron, 
which is almost the same as the diameters of 
the particles of the polymer obtained by the 
conventional emulsion-polymerizing method 
which are not suitable for electrostatic spray 
coating. 

It is, therefore, an object of the present 
invention to provide a process for producing 
a paint composition which is suitable for 
electrostatic spray coating in which the pig- 
ment particles are dispersed substantially 
uniformly in the paint particles which are of 
generally spherical shape. 

The present invention is based on the follow- 
ing findings: 

(1) There can be obtained particles mech- 
anically separated between solid and liquid 
as long as emulsion-polymerization is con- 
ducted under vigorous stirring, and there can 
also be obtained substantially spherical powder 
particles which have proper size distribution 
for electrostatic spray coating and which have 
pigment distributed therein, 

(2) If the monomers to be polymerized and 
pigment and surface active agent and con- 
ventional additives such as a deterioration 



preventing agent, a fluidity improving agent, 
an ultraviolet ray absorbing agent, a hardening 
agent, a thermostability improving agent, if 
required, are mixed in advance, pigment can 
be uniformly dispersed in the interior of the 70 
particles. 

( 3 ) The bulk density of the composition thus 
obtained is preferably above 0.3 g/cl, and if 
it is below 0.3 g/cl, when the composition is 
coated onto a surface and the powder particles 75 
thereof are melted to form a coating film, 
cracks form. Furthermore, in order that this 
composition may be used as an electrostatic dry 
spray coating powder paint, the volume in- 
trinsic resistivity of the powder paint particle 80 
must be at least 10 9 ohm cm, otherwise the 
powder particles do not adhere sufficiently to 
the article to be painted. On the other hand, 
if the volume intrinsic resistivity of the powder 
paint particles is above 10 13 ohm cm, the 85 
powder particles tend to become too easily 
separated from the article to be painted, so 
that a satisfactory coating film cannot always 
be obtained. According to one aspect of the 
invention, we provide a process for preparing 90 
a powder composition suitable for dry electro- 
static spray coating, comprising the steps of 
emulsion polymerizing a reaction mixture of: 
^ (i) a first monomer component which is 
vinyl chloride and/or at least one monomer 95 
having the formula: 

Rt O 

CH 2 = A— C— 0_R 2 

wherein R x is hydrogen or methyl and R 2 
is a hydrocarbon group having 1 to 18 carbon 
atoms, and nurtures of said monomers, 100 

(ii) from 0 to 185 parts by weight, per 100 
parts by weight of monomer component (i), 
of at least one comonomer copolymerizable 
with monomer component (i) selected from 
dibutyl maleate, vinyl acetate, vinyl propionate, 105 
glycidyl acrylate, glycidyl methacrylate, allyl 
glycidyl ether, hydroxyethyi acrylate, hydroxy- 
ethyl methacrylate, methylaminoethyl acrylate, 
diethylaminoethyl methacrylate, vinyl pyridine, 
acrylic acid, methacrylic acid, maleic acid, 110 
maleic anhydride, dioctyl maleate, styrene, 
methyl styrene, vinyl toluene, N-methylolacryl- 
amide, acrylamide, methacrylamide, acrylo- 
nitrile, methacrylonitrile, butadiene, vinyl 
caprylate, isobutylvinyl ether, vinylidene chlor- 115 
ide, itaconic acid, N-pbenylmethacrylamide, 2- 
vinyi naphthalene, allyl acetate, allylacrylate, 
vinyl isocyanate and vinyl urethane, 

(iii) from 0.1 to 50 weight percent^ based 

on the sum of components, (i) and (ii) of a 120 
water-insoluble pigment, 

(iv) from 3 to 20 weight percent, based on 
the sum of components, (i) and (ii) of a 
water-soluble organic surfactant having an 
HLB value of at least 8, " 125 

(v) a water-soluble polymerization initiator, 
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(vi) from 200 to 400 weight percent, based 
on the sum of components (i) and (ii), of an 
aqueous liquid medium, 
5 while simultaneously vigorously agitating the 
reaction mixture throughout the polymerization 
such that the circulation number per minute 
of the reaction mixture is at least 3, wherein 
die circulation number per minute is equal to 
10 the integrated volume of the circulating flow 
of the reaction mixture per minute divided by 
the total volume of reaction mixture, in the 
polymerization vessel to produce substantially 
spherical polymer particles having a particle 
15 size of within the range of 30 to 250 microns, 
a bulk density of at least 0.3 g/cl and a volume 
intrinsic resistivity of at least 10* ohm-cm; 
separating the solid polymer particles from 
the aqueous medium and drying the polymer 
20 particles. 

We also provide a powder paint composition 
for application to a substrate by a dry electro- 
static spray coating process, essentially com- 
prising substantially spherical, polymer par- 
25 tides having a particle size in the range of 
from 30 to 250 microns, a volume intrinsic 
resistivity of at least of from 10 9 ohm-cm 
and a bulk density of at least 0.3 g/cl said 
polymer particles having pigment particles 
30 embedded therein and uniformly dispersed 
throughout the interior thereof, the surface of 
the polymer particles being substantially free 
from adhering pigment particles, said pigment 
particles present in an amount of from 0.1 
35 to 50 weight percent, based on the sum of the 
weights of polymer components (i) and (ii), 
said polymer consisting essentially of units of 
(i) a first monomer component comprising 
vinyl chloride and/or at least one monomer 
40 having the formula: 

Ri O 

wherein Ri is hydrogen or methyl and R 2 
is a hydrocarbon group having 1 to 18 carbon 
-atomSj-and mixtures of such monomers, and. 



45 (ii) from 0 to 185 parts by weight, per 100 
parts by weight of monomer component (i), 
of at least one comonomer copolymerizable 
with monomer component (i) and selected 
from dibutyl maleate, vinyl acetate, vinyl 
50 propionate, glycidyl acrylate, glycidyl meth- 
acrylate, allyl glycidyl ether, hydroxyethyl 
acrylate, hydroxyethyl methacrylate, diethyl- 
aminoethyl acrylate, diethylaminoethyl meth- 
acrylate, vinyl pyridine, acrylic acid, meth- 
55 acrylic acid, maleic acid, maleic anhydride, 
dioctyl maleate, styrene, methyl styrene, vinyl 
toluene, N-methylolacrylamide, acrylamide, 
methacrylamide, acrylonitrile, methacrylo- 
nitrile, butadiene, vinyl caprylate, isobutyl 
60 vinyl ether, vinylidene chloride, itaconic acid, 
N-phenylmethacrylamide, 2-vinyl naphthalene, 



allyl acetate, ally! acrylate, vinyl isocyanate and 
vinyl urethane. 

The monomers represented by the above 
general formula for the first monomer com- o5 
pound include methyl acrylate, ethyl acrylate, 
butyl acrylate, 2-ethylhexyl acrylate, lauryi 
acrylate, stearyl acrylate, methyl methacrylate, 
ethyl methacrylate, butyl methacrylate, 2- 
ethymexylmethacrylate, lauryi methacrylate, 70 
stearyl methacrylate, benzyl acrylate and 
phenyl acrylate. 

Moreover, n-butyl methacrylate and ethyl 
methacrylate are particularly preferred and 
when more than two kinds of monomers are 75 
used, any mixture in any proportion may be 
used. 

The powder paint composition obtained by 
the process of the present invention does not 
undergo blocking during storage because the 80 
rate of copoiymerisation of the first monomer 
component with any of the comonomers is 
faster than the rate of h om ©polymerisation of 
the first monomer component. 

The ratio of the comonomer to be copoly- 85 
merised with the first monomer component is 
normally 0 to 185 parts by weight %, but is 
preferably 5 to 100 % by weight If the ratio 
is less than this latter range, when painting 
is conducted with the paint composition it is 90 
difficult to form a flat and smooth coating 
film, and if the ratio is more than this latter 
range, the film obtained is weak. 

When the first monomer is vinyl chloride, 
the mean polymerizing degree of the copolymer 95 
is preferably substantially 300 to 600 when 
measured. by JIS (Japanese Industrial Stan- 
dard) K — 6721, and the polymer preferably 
contains from 0.1 to 1 weight percent of a 
polyvinyl chloride stabiliser. When the poly- 100 
merisation degree is less than this range, the 
endurability and thermostability of the coating 
film thus obtained are inferior while when it 
is more than this range, a higher temperature 
is required when the powder paint is baked 105 
after spraying to form the coating film, and 
accordingly decomposition of plasticizer may 
be caused. 

The pigments used in the present invention 



include inorganic pigments such as zinc oxide, 110 
barium chromate, Prussian Blue, cadmium 
yellow, antimony sulfide, cadmium red, pre- 
cipitated barium sulfate, zinc oxide, titanium 
oxide, red ferric oxide, iron black, chromium 
oxide, ultramarine blue, precipitated calcium 115 
carbonate, carbon black, lamp black, graphite, 
clay, cobalt blue, and yellow ochre, nitro 
arylene pigments such as naphthol green B, 
pigment green B, and naphthol yellow S, azo 
pigments such as permanent red 4R, brilliant 120 
fast scarlet, Hansa (Registered Trade Mark) 
Yellow 3G, benzidine yellow, linolic red, Lake 
Red, C, brilliant carmine 6B, permanent red 
F5R, pigment scarlet 3B, and Para Red, 
phthalocyanine pigments such as phthalo- 125 
cyanine blue, phthalocyanine green, and Fast 
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sky blue, and organic pigments such as perman- 
ent red BD, isoindoline pigment dioxine violet, 
aniline black, and quinacridone. 

The content thereof is 0.1 to 50 percent 
by weight based on the total amount of mono- 
mer used. It is effective for keeping the pig- 
ment in the interior of the powder particles and 
to obtain substantially spherical particles to 
mix one or more kinds of these pigments with 
the first monomer component or monomer 
copolymerizable with the first monomer com- 
ponent, surface active agent, preventing 
deterioration agent, and/or other additives in 
advance such as by means of a three-roll mill 
or ball mill, and then to add them at the 
beginning of or during polymerization of the 
remaining monomer(s). 

In this case, the amount of the monomer 
used for mixing with the pigment is preferably 
above 0.5 by weight % based on the mono- 
mers. The vinyl paint needs an addition of 
stabilizer for preventing deterioration, and the 
agent for preventing deterioration added at 
the start of polymerization or during poly- 
merization may be, for example, dibutyl tin 
dilaurate, epoxy soya bean oil, other epoxy 
compounds such as epoxy resin condensed with 
epichlorohydrin and 2 — 2-bis (^hydroxy- 
phenyl), or 3 f 4-epoxy-6-memyl-hexylmethyl- 
3',4' - epoxy - 6' - methylcydohexanecarboxy- 
late. The agent for preventing deterioration 
can be used in combination with the above 
mentioned agent The content thereof is pre- 
ferably 0.01 to 15% by weight of the total 
amount of monomer used. Examples of suitable 
fluidity improving agents are conventional 
plasticizers such as dibutyl phthalate, 2- 
ethylhexyl phthalate, 2-cthyIhexyl adipate, tri- 
cresyl phosphate, tetraisooctyi pyromellitate, 
chlorides of n-paraffins, high molecular weight 
polyesters, or epoxy plasticizers. 

Up to 30 weight percent of a fluidity im- 
proving agent can be added, based on the total 
amount of monomer, and preferably up to 10 
percent. The fluidity improving agent may be 
added all at once at the start of polymerization 
or gradually during the polymerization. 

The surface active agents which can be used 
in the emulsion copolymerization are known 
surface active agents. They are used in higher 
proportions than is usual, i.e. at least 3% 
by weight, preferably at least 5% by weight 
based on the total monomers. However, it is 
not economical to use more than 20% by 
weight. If less than 3% by weight is used, 
it is difficult to incorporate the pigment into 
the particles. Suitable surface active agents 
must have an HLB value (i.e. hydrophilic 
oleophilic balance) of at least 8, and can 
include anionic surface active agents as 
sodium dodecylbenzenesulfonate, polyethylene- 
glycol alkylethersulfate, or dialkylsulfosuccinic 
sodium ester, non-ionic surface active agents 
such as polyethylene glycol sorbitanalkylether, 
sorbitanalkylester, polyethyleneglycolalkyl- 



ether, polyethyleneglycol, or polyethylene- 
glycolether and cationic surface active agents 
such as alkylpicolinium chloride, or alkyitri- 
methylammonium chloride. 

These surface active agents may be used as 70 
mixtures of two or more agents, and thus 
even when paint is prepared by using two or 
more pigments together, good results are ob- 
tained. In the process of the present invention, 
the polymerising reaction may be carried out 75 
under alkaline or acid conditions, and pH 
adjusting agents, such as sodium hydrogen 
carbonate, ammonium carbonate, and acetic 
acid may be used. 

Other additives which may be used if re- 80 
quired include ultraviolet absorbing agents, 
thermostabiUty improving agents, molecular 
weight adjusting agents, fluidity improving 
agents, and hardening agents. Examples of 
suitable ultraviolet absorbing agents and 85 
thermostability improving agents are 2- 
hydroxy - 4 - methoxybenzophenone, 2,4- 
dihydroxybenzophenone, 2 - (2' - hydroxy- 
5 - methylphenyl)benzotriazole, phenyl sali- 
cylate, dioctyj-sulfide, 1,3,8 - triazo - 7,7A9- 90 
tetramethyl - 2,4 - dioxy - spiro, 4,5 - tkra- 
methyl - 2,4 - dioxy- spiro, 4,5 - decane, and 
2-cyanoethyloctylmercaptan. 

One or more ultraviolet absorbing agents 
may be used. Suitable fluidity improving 95 
agents include dibutyl phthalate and 2-ethyl- 
hexyl phthalate, epoxy resin formed by con- 
densation of epidilorohydrin and 2,2-bis(4- 
hydroxy-phenyl)propane and resins capable of 
enhancing the fiowabflity of the coating film. 100 
The content thereof is preferably 0.5 to 30V 
byjtveight. ,0 
. Suitable molecular weight adjusting agents 
include mercaptans such as ethylmercaptan 
pfopyimercapran, butyJmercaptan, octylmerl 105 
captan, dodecylmercaptan, 2-mercaptoethanol, 
thiophenol, and ethylmercaptoacetate, and car- 
bon tetrafluoride as a compound effective in 
chain reactions. 

A heat curable powder paint of acrylic resin 110 
can be produced by this invention. 

Suitable heat curing agents for this purpose 
include dicyandiamide, boron ttifiuoride- 
pipendine, and epoxy compound, or acid an- 
hydride which is effective to cure acrylic resins. 1 15 

One or more of these curing agents can be 
used. They can be added either at the start of 
polymerisation, gradually during polymeriza- 
tion, or may be added to the emulsion or 
powder obtained after polymerization has been 1 20 
completed. 

The vigorous stirring adopted in the present 
mvenuon is not practised in the prior art 
methods because it was assumed to produce 
bad results. In the present invention, this 125 
vigorous stirring exerts a particularly good 
effect on the diameters of the particles of the 
polymer produced. The size of the polymer 
particles is closely related to the appearance 
of the coating film, the performance of the 130 



5 



1,474,596 



5 



coating film, and ease of electrostatic painting. 
Thus, in order to obtain a thin coating film, 
the particles should be small, whereas in order 
to obtain a thicker coating film, the particles 
5 should be large. However, if the particles are 
too small, the recovery rate of the powder paint 
during painting becomes poor, so that the 
results of the painting operation became poorer. 
In the process of the present invention, the 

10 diameters of the particles may be easily ad- 
justed, and the diameters of tie particles are 
from 30 to 250 microns. Thus, if the grain 
size of the powder is properly adjusted, it is 
easy to remove the heat generated during 

1 5 polymerization, and it is also easy to separate 
the polymerized product. 

In order to separate the polymerized product 
from the reaction mixture, there may be used 
conventional filtering devices such as centri- 

20 fugal settling devices and centrifugal filtering 
devices. For example, decanting type con- 
tinuous discharge centrifugal settling devices, 
or basket-type centrifugal filtering devices are 
particularly preferred. 

25 The drying of the powder particles thus 
produced may be conducted by conventional 
methods such as, flash drying methods, fluid- 
ised bed drying methods, vacuum drying 
methods, or drying in a drying oven having 

30 shelves, or a combination thereof. 

The powder which is in lump form after 
drying may be adjusted in grain size by using 
a pulverizer. 

According to the present invention, there 

35 can be obtained superior vinyl powder paint 
compositions particularly suitable for electro- 
static spray coatings as will be hereinafter 
described. This improved result is achieved as 
a consequence of the relatively large amount 

40 of the surface active agent as aforementioned, 
in combination with the vigorous stirring 
during polymerisation, for example at 200 
to 1,200 rpm using a turbine blade-type stirrer 
with baffle plate, or over 5 revolutions per 

45 minute, and preferably 5 to 30 revolutions 
per minute expressed in terms of mass cir- 
, culation, i.e, circulating number of times = 
^ Q ^-flj ci r cula tin g fl o w ra te Xt ot al am ou nt o f' 
liquid amount to be circulated. 

50 The required conditions for stirring in con- 
ventional emulsifying polymerization processes 
are relatively slow, and the stirring speed of 
the agitator where a paddle type or anchor 
type blade stirrer is used is 40 to 60 rpm, or 

55 2 revolutions per minute expressed in terms 
of mass circulation. 

The dispersing medium, polymerization 
initiating agent and polymerizing degree ad- 
justing agent used in the process of the present 

60 invention are all conventional. The dispersing 
medium may -include an aqueous medium such 
as water, or a water-methanol mixture, and 
water is preferred. The amount thereof used 
is 200 to 400% by weight based on the total 



monomers. If a smaller proportion of dispers- 0 5 
ing medium is used it is difficult to remove 
the polymerizing heat, while if a higher pro- 
portion is used, the bull: density of the powder 
paint composition particles thus obtained is 
less than 0.30 g/cl t and thus contraction of 70 
me coating film occurs during baking so that 
cracks in the coating are formed. Examples 
of suitable polymerization initiating agents are 
hydrogen peroxide, ammonium persulfate, 
potassium persulfate and water-soluble redox 75 
catalysts. Two or more of the above agents 
may be used in combination. They may be 
added either at the start of polymerization, or 
else gradually as the polymerization proceeds. 
The amount thereof used is preferably 0.01 to 80 
30% by weight based on the total monomers. 

As the polymerization adjusting agent, less 
than 1% by weight of for example carbon 
tetrachloride, n-butylmercaptan, or thiophenol, 
based on the total monomer amount may be 85 
used. Heretofore, since pigments usually have 
poor electric insulating properties, the volume 
intrinsic resistance of powder coatings in which 
the pigment is dispersed as a coating on the 
powder particles is normally far broader than 90 
the above range. Accordingly, such powders 
are not satisfactory for use as electrostatic dry 
spray coating powder paints. 

On the other hand, the electrostatic spray 
coating powder paint composition produced 95 
by the present invention does not contain 
contiguous pigment particles on the surface 
thereof, but rather the pigment particles are 
uniformly dispersed in the interior thereof. 
The powder coating composition produced by 100 
this invention also contains an agent for pre- 
venting deterioration and, if required, a fluidity 
improving agent. The composition comprises 
substantially spherical particles approximately 
30 to 250 microns in diameter having a volume 105 
intrinsic resistance of at least 10° ohm-cm, 
and a bulk density of at least 0.3 g/cl. There- 
fore, this powder coating composition exhibits 
a desirable range of volume intrinsic resistivity 
so that it is suitable for use as an electrostatic 1 10 
dry spray paint composition, and yet when it 

product, a satisfactory coating film can be 
obtained at a lower temperature than is re- 
quired if a conventional vinyl chloride powder 115 
paint is used. This powder paint composition 
has a bulk density of at least 0.3 g/cl, the 
particles thereof are substantially spherical in 
shape, and accordingly no cracking as a result 
of baking occurs. As the resin components 120 
of conventional powder paint, vinyl chloride 
resins or epoxy resins have mostly been used. 

However, epoxy resin powder paint com- 
positions exhibit poor durability, poor anti- 
shock properties, and poor flexibility. Also 125 
they are expensive. Vinyl chloride powder 
paint compositions do not have these dis- 
advantages and are cheaper, but it has been 
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difficult until now to provide vinyl chloride 
paints suitable for electrostatic dry spray 
painting. 

In order to perform the process of the 
5 present invention, part or all of the liquid 
comonomer capable of copolymerising with the 
first monomer is mixed with part or all of the 
surface active agent and the pigment, and the 
powder paint composition is then produced 

10 under the conditions described above. This 
mixing may be easily conducted by conven- 
tional methods such as, for example, by using 
roll mills or ball mills. Thus, the pigment is 
further dispersed into the particles so that the 

1 5 shapes of the particles are further improved. 
In this case, the amount of the monomer mixed 
with die pigment is preferably over 0.5% 
by weight based on the total monomers used 
in the polymerization. 

20 Further, if the powder particles containing 
a thermal decomposition preventing agent on 
their surface are separated from the aqueous 
medium after the thermal decomposition pre- 
venting agent is added to the reaction system 

25 obtained by the emulsion-copolymerization 
employed in the present invention, there exists 
a considerable amount of thermal decomposi- 
tion preventing agent on the surface of the 
particles which suppresses any decomposition 
30 which might otherwise occur upon baking, and 
accordingly thermal detriment to the other 
properties of the paint, and therefore, even if a 
somewhat higher baking temperature is 
adopted, the coating film does not deteriorate. 
35 The process for producing the powder paint 
has the following advantages: 

1) As the powder paint is obtained by the 
present invention is composed of particles, 
the exterior surface of which consists of ex- 

40 posed resin, the particles can easily coalesce 
during fusion. Thus, the baking temperature 
may be lower by 20 to 40° C compared with 
powder paints made by conventional dry blend- 
ing methods. 

45 2) Since the baking temperature can be 
lower than in the conventional processes, the 
resin is less subject to deterioration and is thus 
less discolored. 

3) Since spherical particles are obtained in 
50 the present invention, the fluidity of the powder 

itself is superior and the coating film thickness 
may be easily controlled. 

4) The process of the invention is simpler 
than the conventional methods so that the 

55 cost of producing the paint is reduced. 

The present invention is further illustrated 
by the following non-limitative examples. 

Unless otherwise indicated, parts in the 
examples are given on a weight basis. 

60 Example 1. 

A paste which was prepared by mixing 
30 parts of carbon black, 70 parts of poly- 
ethylene glycol sorbitan monolaurate, 21 parts 



of 3,4 - epoxy - 6 - methylcyclohexyl - 3,4- 
epoxy - 6 - methylcyclohexanecarboxylate and 65 
95 parts of n-butyl acrylate in a high speed 
mixer was charged into a reaction vessel having 
a capacity of 501, and 35 cm in diameter and 
78 cm in height provided with an. agitator 
having a turbine vane type impeller 25 cm in 70 
diameter, and then 4 parts of ammonium 
persulfate, 0.5 parts of n-butylmercap tan and 
3300 parts of water were introduced into the 
reaction vessel. 

After the reaction vessel had been closed 75 
the air in the reaction vessel was replaced 
by nitrogen gas and further the gas pressure 
was reduced below atmospheric pressure. Then, 
828 parts of vinyl chloride monomer were 
introduced into the reaction vessel. The agitator 80 
was driven at 800 rpm and the reaction mixture 
was heated to 65° C. 

The temperature and the agitation were 
maintained for 9 hours during which poly- 
merization took place. After the polymerization 85 
50 parts of a polymerized organic mercapto- 
compound was added as decomposition- 
preventing agent, followed by agitation for 
another 30 minutes. The reaction product wa^ 
recovered by centrifuging the reaction mixture 90 
and was then dried. 

A polymer powder having an average degree 
of polymerization of 420, a particle size of 
80 to 150 microns, and a bulk density of 035 
g/cl was obtained with a polymerization yield 95 
of 95%. The powder paint thus obtained was 
applied by electrostatic spray coating to a 
cold rolled steel plate and the plate bearing 
the powder paint was heated to 185° C f or 
5 minutes to fuse the powder. 100 

A beautiful black coating film 100 microns 
thick was obtained. No blocking of the powder 
paint was observed when this was stored at 
40° C and no trouble arose in storage during 
the summer. Some physical properties of the 105 
powder paint as well as of the coating film 
formed from it are shown in the Table, 

Example 2. 
10 parts of a paste which had been prepared 
by mixing 45 parts of titanium dioxide pig- 110 
ment, 6 parts of carbon black powder, 20 parts 
of polycthyleneglycol dodecylphenylemer, 7 
parts of polypropyleneglycol polyethylene- 
glycolether, 6 parts of tin maleate, 60 parts 
of ethyl acrylate and 15 parts of lauryl meth- 115 
acrylate in a high speed mixer and further 
by rolling the resulting mixture in a roller 
mill having three roller rods were charged 
into the reaction vessel and used in Example 
1 and then 0.2 parts of ammonium persulfate, 120 
02. parts of potassium persulfate, 1 part of 
n-butylmercaptan and 600 parts of water were 
added into the reaction vessel. After the reac- 
tion vessel had been closed the ambient atmos- 
phere in the reaction vessel was replaced by 125 
nitrogen gas and further the pressure was 
reduced below atmospheric pressure. Then 150 
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pans of vinyl chloride monomer were intro- 
duced into the reaction vessel. 

The agitator was driven at 600 rpm and 
the reaction mixture was heated to 70° C. The 
5 temperature and the. agitation were maintained 
for 12 hours during the polymerization. After 
the polymerization 15 parts of di-n-octyl tin- 
S,S'-bis (isooctyl mercaptoacetate ) was added, 
followed by agitation for another 30 minutes. 

10 The reaction product was recovered by 
centrifuging the reaction mixture and was then 
dried. A polymer powder having an average 
degree of polymerization of 490, a particle 
size of 50 to 130 microns and bulk density 

15 of 0.42 was obtained. The powder paint thus 
obtained was applied to a cold rolled steel plate 
by electrostatic spray coating and the plate was 
then heated to 190° C for 5 minutes to fuse 
the powder. 

20 A beautiful gray coating film 180 microns 
thick was obtained. The stability of the powder 
paint was excellent since no blocking of the 
powder was observed. 

Example 3. 

25 A paste which was prepared by mixing 8 
parts of phmalocyanine blue, 18 parts of poly- 
ethylene glycol polyether sulfate, 5 parts of 
di n-butyl maleate, 40 parts of n-butyl acrylate 
and 10 parts of giycidyl methacrylate in a high 

30 speed mixer were charged into a reaction 
vessel having a capacity of 51, and 15 cm in 
diameter, 35 cm in height, provided with an 
agitator having a turbine blade type impeller 
25 cm diameter, and then 2 parts of ammonium 

35 persulfate and 700 parts of water were added. 
After the reaction vessel had been closed, the 
ambient atmosphere in the reaction vessel was 
replaced by nitrogen gas and further the pres- 
sure was reduced below atmospheric pressure. 

40 Then, 150 parts of vinyl chloride monomer 
were introduced into the reaction vessel. 

The agitator was driven at 1,000 rpm and 
the reaction mixture was heated to 70° C. 
The temperature and the agitation were main- 

45 tained for 13 hours during the polymerization. 
After the polymerization 15 parts of a poly- 
'merized organic mercapto-compound was 



It was proved that the stability on storage 65 
of the powder paint was excellent and no 
appreciable blocking phenomenon of the 
powder was observed at 40° C. Some physical 
properties of the powder paint as well as those 
of the coating film formed from it are shown 70 
in the Table. 

Example 4. 

A paste which was prepared by mixing 60 
parts of titanium dioxide pigment, 10 parts 
of sodium dodecylbenzene sulfonate, 22 parts 75 
of polyethyleneglycol laurylether, 4 parts of 
tin maleate and 40 parts of butyl acrylate in 
a high speed mixer was charged into a reaction 
vessel having a capacity of 700 1 and 16 cm 
diameter and 326 cm in height provided with qq 
an agitator having a turbine vane-type impeller 
of 40 cm in diameter, and then 1 part of 
ammonium persulfate, 0.1 parts of thiophenol 
and 1,500 parts of water were added into the 
reaction vessel 85 

After the reaction vessel had been closed 
the air in the reaction vessel was replaced by 
nitrogen gas and the pressure was reduced 
below atmospheric pressure. Then 360 parts 
of vinyl chloride monomer were introduced 99 
into the reaction vessel. 

The agitator was driven at 400 rpm and the 
reaction mixture was heated to 65° C. The 
temperature and the agitation were maintained 
for 15 hours during the polymerization. After 95 
the polymerization 30 parts of a polymerized 
organic mercapto-compound was added, fol- 
lowed by agitation for another 30 minutes. 
The reaction product was recovered by centri- 
fuging the reaction mixture and was then 
dried. A polymer powder having an average 100 
degree of polymerization of 510, particle size 
of 80 to 150 microns and bulk density of 0.35 
was obtained with a polymerization yield of 
95%. A beautiful white coating film was 
obtained by forming a coating using the poly- 105 
mer powder as a powder paint in the similar 
manner to that described in Example 1 except 
that a temperature of 190° C was utilized 
instead of 185° C. It was proved that the 
stability on storage of die powder paint was 110 
excellent and no appreciable blocking pheno- 
menon of the powder was observed, at 40° C. 

Example 5. 
A paste which was prepared by mixing 10 
parts of quinacridone red, 16 parts of alkyl- 115 
picolinium chloride, 4 parts of epoxidized 
soybean oil, 0.1 parts of acrylic acid, 30 parts 
of n-butyl acrylate, 5 parts of methyl meth- 
acrylate and 5 parts of diethylhexyl phthalate 
in a high speed mixer was charged into a reac- 120 
tion vessel having a capacity of 51 and 15 cm 
diameter and 35 cm in height provided with 
an agitator having a turbine vane type impeller 
8 cm diameter, and then 1 part of ammonium 
persulfate, 0.04 parts of thiophenol and 450 125 
pans of water were added into the reaction 



added, followed by agitation for another 30 
minutes. The reaction product was recovered 
50 by centrifuging the reaction mixture and was 
then dried. A polymer powder having an 
average degree of polymerization of 550, 
particle size of 50 to 160 microns and a bulk 
density of 0.31 was obtained at a polymeriza- 
55 tion yield of 95%. This powder paint com- 
prised particles in which the dispersed pigment 
was substantially covered by the polymer resin. 
This powder paint could be well coated onto 
an article of complex shape even at the corner 
60 portions when applied by means of electrostatic 
spray coating. The article was heated to 200° 
C for 7 minutes to result in a beautiful blue 
coating 120 microns thick and no appreciable 
shrinking of the coating film occured. 
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vessel. After the reaction vessel had been closed 
the atmosphere in the reaction vessel was 
replaced by nitrogen gas and the gas pressure 
was reduced to below atmospheric pressure. 
Then, 165 parts of vinyl chloride monomer 
were introduced into the reaction vessel. The 
agitator was driven at 800 rpm and the re- 
action mixture was heated to 65° C. 

The temperature and the agitation were 
maintained for 12 hours during the polymer- 
ization. After the polymerization 10 parts of 
a polymerized organic mercapto-compound 
were added, followed by agitation for another 
5 minutes. The reaction product was recovered 
by centrifuging the reaction mixture and was 
then dried. 

A polymer powder having an average degree 
of polymerization of 530, a particle size of 
50 to 180 microns and a bulk density of 0.45 
was obtained at a polymerization yield of 93%. 

A beautiful red continuous coating film 80 
microns thick was obtained by forming a coat- 
ing using the polymer powder as the powder 
paint in a similar manner to that described 
in Example 4. Since no appreciable blocking 
phenomenon of the powder paint was observed 
at 40° C it was proved that the stability on 
storage thereof was excellent. 

Example 6. 

A paste which was prepared from 15 parts 
of Fast yellow pigment, 16 parts of poly- 
ethyleneglycol polyether sulfate, 5 parts of tin 
maleate, 20 parts of methyl acrylate and 3 
parts of 2-ethyl-hexyl phthalate in a high 
speed mixer was charged into the same reaction 
vessel as was used in Example 3, and then 0.6 
parts of potassium persulfate and 500 parts of 
water were added into the reaction vessel 

After the reaction vessel had been closed 
the air in the reaction vessel was substituted 
by nitrogen gas and the gas pressure was 
reduced below atmospheric pressure. Then, 190 
parts of vinyl chloride monomer were intro- 
duced into the reaction vessel. The agitator 
was driven at 1,200 rpm and the reaction mix- 
ture was heated to 70° C. The temperature 
and the agitation were maintained for 8 hours 
during the polymerization. 

After the polymerization 15 parts of a 
polymerized organic mercapto-compound were 
added, followed by agitation for another 30 
minutes. The reaction product was covered 
by centrifuging the reaction mixture and was 
then dried. 

A polymer powder having an average degree 
of polymerization of 560, particle size of 80 to 
170 microns and a bulk density of 0.39 was 
obtained with a polymerization yield of 94%. 

A yellow coating 120 microns thick was 
obtained by forming a coating using the poly- 
mer powder as the powder paint in a similar 
manner to that in Example 1. Since no appreci- 
able blocking phenomenon of the powder paint 
was observed at 40° C it was proved that the 



stability on storage was excellent. 

Some physical properties of the powder 
paints obtained in the above mentioned Ex- 
amples as well as of the coating film formed 
by the application listed in the Table 3 which 
are compared with the corresponding pro- 
perties of the powder paints obtained in the 
below mentioned comparative tests and of the 
coating films formed therefrom. 

Comparative Test 1. 
Into the same reaction vessel as was used in 
Example 3 were charged 0.5 part of polyvinyl 
alcohol, 0.02 parts of hydroxyethyl cellulose, 
0.2 parts of ethylcellulose, 2 parts of ethyl 
acrylate, 8 parts of vinyl propionate, 0.3 parts 
of benzoyl peroxide and 400 parts of water. 
After the reaction vessel had been closed the 
air in the reaction vessel was substituted with 
nitrogen gas and further the gas pressure was 
reduced below atmospheric pressure. Then, 200 
parts of vinyl chloride monomer was introduced 
into the reaction vessel The agitator was 
driven at 800 rpm and the reaction mixture 
was heated to 75° C. The temperature and the 
agitation were maintained for 8 hours during 
the polymerization with the result that a poly- 
mer powder having an average degree of 
polymerization of 560 and particle size of 60 
to 160 microns was obtained (yield 92V ) 
100 parts of the thus obtained polymer powder 
40 parts of 2-ethylhexyl phthalate, 15 parts' 
of titanium dioxide pigment and 4 parts of 
tribasic lead sulfate were mixed in a high 
speed agitator to a dry-blending process to 
form a powder paint having particle size of 80 
to 190 microns. No practical film was formed 
by forming a coating from mis powder paint 
in a similar manner to Example 1 exceot for 
utilizing a heating temperature of 180° C 
instead of 185° C. The plate coated with the 
powder paint was further heated at 210° C 
for 5 minutes to produce a flat coating 200 
microns thick with a vigorous evaporation of 
the plasticizer content. However the resulting 
coating film was soft enough to be easily 
damaged. This test differs from the invention 
in that the polymerization was carried out in 
the absence of pigment and surface active 
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Comparative test 2. 
One part of a copolymer of methyl-vinyl- 
ether and maleic anhydride 0.1 part of hy- 
droxyethylcellulose, 2 parts of ethylcellulose, 
42 parts of titanium oxide, 12 parts of epoxy 
condensation resin with epichlorohydrin and 
2,2-bis (4-hydroxyphenyl) propane, 5 parts of 
benzoyl peroxide, 80 parts of n-butyl acrylate 
and 533 parts of water were charged into the 
reaction vessel used in Example 3. After the 
reaction vessel had been closed the air in the 
reaction vessel was substituted by nitrogen gas 
and the gas pressure was reduced below atmos- 
pheric pressure. Then 187 parts of vinyl 
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chloride monomer was introduced into the 
reaction vessel. The agitator was driven at 
1,000 rpm and the reaction mixture was 
heated to 60° C. The temperature and the 
agitation were maintained for 15 hours for the 
5 polymerization. After the reaction, 20 parts 
of a polymerized organic mercapto compound 
were added, followed by agitation for another 
30 minutes. The reaction product was re- 
covered by centrifuging the reaction mixture 

10 and was dried. White polymer powders having 
an average degree of polymerization of 490 
and particle sizes of 80 — 300 microns, were 
obtained with a polymerization yield of 90% 
but their surfaces were covered with dispersed 

*5 pigment, (i.e. resin and pigment separated 
from one another). 

No practical film was formed by forming 
a coating using this powder paint in a similar 
manner to that described in Example 1 by 

20 heating to 200° C for 5 minutes. The plate 
covered with the powder paint was further 
heated at 230° C for 10 minutes to obtain 
a coating film but the coating film was not 
fiat enough and became discoloured by heat 

25 decomposition. This test differed from the 
invention in that no surface active agent or 
water soluble polymerization initiator was 
present during polymerization. 

Comparative test 3. 
30 A mixture of the following: 

vinyl chloride 280 parts 

vinyl acetate 110 parts 

n-butyl acrylate 10 parts 

titanium oxide 63 parts 
polyethyleneglycol sorbitanmono- 

laurate 19 parts 

benzoyl peroxide 11 parts 

tin mercapto compound 74 parts 

polymerized organic maleate 10 parts 

n-butanol 500 parts 



35 



40 



was subjected to polymerization under the 
following polymerization conditions: — 

polymerization temperature 65° C 
duration of polymerization 40 hours 



45 number of revolutions of 

agitator 500 rpm 

however, the above mentioned polymerized 
organic mercapto-comp ound was added after 
the polymerization reaction was over. 

50 Coarse polymer powders having an average 
degree of polymerization of 480 and particle 
size of 500 to 2,000 microns were obtained 
with a polymerization yield of 87%. 

A film was formed by forming a coating 

55 using the resulting powder paint at 200° C 
for 10 minutes but the coating film was weak 
in heat stability and became discoloured and 
was rough. The test differed from the invention 
due to the absence of aqueous medium and 

60 a water-soluble polymerization initiator. 



Comparative test 4. 
A powder paint was produced by using 1/10 
pan of benzoyl peroxide (oil soluble catalyser) 
instead of ammonium persulfate and potassium 
persulfate in Example 2 with the result that 65 
there was obtained a powder paint having a 
particle size of 300 microns in which pigment 
and resin were separated. It was unsuitable 
for electrostatic spray coating. This test dif- 
fered from the invention due to the absence 70 
of a water-soluble polymerization initiator. 

Comparative test 5. 

As in Example 1, polymerization was carried 
out by using 18 parts of polyethyleneglycol 
sorbitan monolaurate instead of 70 parts mere- 75 
of with the result that there was obtained a 
powder paint having an average degree of 
polymerization of 400, particle size of 100— 
200 microns and bulk density of 0.39 at a 
polymerization yield of 92%, of which the 60 
surface was covered with dispersed pigment. 

No appreciable film was formed by applying 
a coating using the resulting powder paint 
at 220° C. 

The powder paint was unsuitable for electro- §5 
static spray coating, for its volume resistivity 
was remarkably low; i.e. 10 T flcm, This test 
differed from the invention because less than 
3% of surface active agent was used. 

Comparative test 6. 90 
In Example 1, the reaction mixture was 
polymerized by agitation at 150 rpm with the 
result that the resulting emulsion particles 
were too small to separate into a solid phase 
and a liquid phase. 95 

Then 10 parts of sodium chloride were 
added to the emulsion thereby precipitating 
the solid component 

The solid component was dried followed 
by crushing and sizing to obtain a powder 100 
paint having a particle size of 40 — 120 
microns. The obtained powder paint was sub- 
jected to coating as in Example 1 and the 
plate bearing the powder paint was heated 
to 185° C for 9 minutes to fuse the powder. 105 
The coating film was cracked and poor in 



heat stability. This test differed from the 
invention in that the agitation was insufficiently 
vigorous. 

Some properties of the powder paint and 110 
the coating film are shown in the Table. 

Comparative test 7. 

A paste which was prepared by mixing 
30 parts of titanium white, 18 parts of 
sorbitanmonostearate (HLB=4.7), 4 parts of 115 
tin maleate, 30 parts of n-butyl acrylate and 
10 parts of styrene in a high speed mixer 
was charged into a reaction vessel and 1.0 
part of ammonium persulfate, 0.2 parts of 
n-butyhnercaptan and 500 parts of water were 120 
added into the reaction vessel. 

After the reaction vessel had been closed 
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the air in the reaction vessel was substituted 
with nitrogen and the gas pressure was reduced 
below atmospheric pressure. Then 160 parts 
of vinyl chloride were introduced into the 
5 reaction vessel. The agitator was driven at 800 
rpm and the reaction mixture was heated to 
an elevated temperature and polymerized at 
the same temperature. There were obtained 
polymer powders most particles of which were 
10 more than 300 micron in diameter and unfit 
for electrostatic spray coating. This test dif- 
fered from the invention in that a surface 
active agent having an HLB of at least 8 
was not used. 

15 Example 7. 

In the same manner as outlined in Example 
1 a paste was prepared from 30 parts of 
carbon, 90 parts of 2-ethylhexyl phthalate, 
70 parts of polyethyleneglycolsorbitan mono- 
20 laurate, 21 parts of 3,4-epoxy-methylcyclo- 
hexanecarboxylate and 9 parts of butyl acrylate. 

The paste was charged into the reaction 
vessel used in Example 1 and then 3 parts of 
ammonium persulfate and 3300 parts of water 
25 were added. 

After the reaction vessel had been closed 
the air in the reaction vessel was substituted 
by nitrogen, gas and the gas pressure was 
reduced to below atmospheric pressure. Then, 
30 900 parts of vinyl chloride monomer were 
introduced into the reaction vessel. 

The agitator was driven at 800 rpm and the 
reaction mixture was heated to a temperature 
of 67° C. The temperature and the agitation 
35 were maintained for 9 hours during the poly- 
merization. 

After the polymerization, 50 parts of poly- 
merized^ organic mercapto-compound were 
added, followed by agitation for another 30 

40 minutes. The reaction product was recovered 
by centrifuging the reaction mixture and was 
then dried. A polymer powder having an 
average degree of polymerization of 500, 
particle size 70 — 140 microns and bulk density 

45 of 0.38 was obtained at a polymerization vield 
of 96%. 

The powder paint thus obtained was applied 
to a cooled rolled steel plate by the same 
procedure as in Example 1. A beautiful black 
50 coating film of 100 micron thickness was 
obtained. No blocking phenomenon of the 
powder paint was observed at 40° C and no 
trouble caused by storage during the summer 
season. 

55 Example 8. 

In the same manner as outlined in Example 
2, 106 parts of a paste which was prepared 
from 45 parts of titanium dioxide, 30 parts of 
2-cthylhexyl phthalate, 6 parts of carbon black, 

60 25 parts of polyethyleneglycoldodecylphenyl- 
ether, 7 parts of polypropyleneglycolpolyethyl- 
eneglycolether, 6 parts of tin maleate and 2 
parts of vinyl acetate were charged into a 



reaction vessel as used in Example 2 and then 
0.2 parts of ammonium persulfate, 0.2 parts 65 
of potassium persulfate, 1 part of n-butyl- 
mercaptan and 600 parts of water were added 
to the reaction vessel. Then, after the pro- 
cedure outlined in the foregoing examples had 
been carried out, 230 parts of vinyl chloride 70 
monomer were introduced into it. 

The agitator was driven at 60 rpm and the 
reaction mixture was heated to a temperature 
of 60° C. The temperature and the agitation 
were maintained for 12 hours for the poly- 75 
merization. 

After the polymerization 15 parts of di-n- 
octyl-tin- c< s s"-bis(isooctyl-mercapto acetate) 
were added, followed by additional agitation 
for another 30 minutes. The reaction product 80 
was recovered by centrifuging the reaction mix- 
ture and this was then dried. 

A polymer powder having a polymerization 
degree of 460, particle size of 40 to 120 micron 
and bulk density of 0.39 was obtained with a 85 
polymerization yield of 93%. 

This powder paint was applied to a cold 
rolled steel plate by means of an electrostatic 
fiuidised bed system and the plate bearing the 
powder paint was heated to 190° C f or 5 90 
minutes. 

A beautiful grey coating film 180 microns 
thick was obtained. The storage stability of the 
powder paint was excellent since no blocking ■ 
phenomenon of the powder was observed at a 95 
temperature of 40° C. 

Example 9. 
In the same manner as was outlined in Ex- 
ample 3. a paste prepared from 8 parts of 
phthaiocyanine blue, 16 parts of 2-ethylhexyl 100 
adipate, 18 parts of polyethylene glycololeyl- 
ether sulfate and 5 parts 'of di n-butylmaleate, 
was charged into a reaction vessel as was used 
in Example 3, followed by introducing 2 parts 
of ammonium persulfate and 700 parts of 105 
water. 

After the reaction vessel had been closed the 
air in it was replaced by nitrogen gas and the 
pressure was reduced below atmospheric pres- 
sure* no 

Then, 200 parts of vinyl chloride were intro- 
duced into the reaction vessel, the agitator 
was driven at lOOOrpm and the reaction mix- 
ture was heated to 70° C The temperature and 
the agitation were maintained for 13 hours 115 
during the polymerization. 

After the polymerization 15 parts of a 
polymerized organic mercapto compound were 
added, followed by agitation for another 30 
minutes. The reaction product was recovered 120 
by centrifuging the reaction mixture and was 
then dried. During the drying procedure, there 
were produced some lumps in the product so 
that the product was thereafter pulverized by 
a crusher to pass a sieve of 60 mesh (Tyler 125 
Standard Sieve). 

A powder polymer having an average degree 
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of polymerization of 600, particle size of 50 to 
200 microns and bulk density of 0.32 was 
obtained at a polymerization yield of 95%. 
The powder paint thus obtained, the paint 
5 particles of which were covered with resin, 
was applied as a coating to a surface of an 
article of complex shape, with the result that 
the corners of the article were all coated with 
a film of the powder paint. The plate bearing 

10 the powder paint was heated to 200° C for 7 
minutes to fuse the powder. 

A beautiful blue coating film of 150 microns 
thick was obtained. The storage stability of 
the powder paint was excellent since no block- 

15 ing phenomena of the powder was observed 
at 40° C. 

Example 10. 
There was charged 60 parts of Ti0 2 pig- 
ment, 20 parts of 2-ethylhexyl phthalate, 20 

20 parts of tricresyl phosphate, 10 parts of sodium 
dodecylbenzenesulphonate, 22 parts of poly- 
ethylene glycol lauryl ether, 4 parts of tin 
maleate and 3 parts of vinyl propionate into 
the reaction vessel used in Example 4, and 1 

25 part of ammonium persulfate, 8 parts of 
carbon tetrachloride and 1,500 parts of water 
were then added. 

After the reaction vessel was closed the air 
in the reaction vessel was replaced by nitrogen 

30 and the pressure was reduced below atmos- 
pheric pressure. Then, 400 parts of vinyl 
chloride monomer were introduced into the 
reaction vessel. 

The agitator was driven at 400 rpm and the 

35 reaction mixture was heated to a temperature 
of 65° C. The temperature and the agitation 
were maintained for 15 hours during the 
polymerization. After the polymerization 30 
parts of a polymerized organic mercapto- 

40 compound was added, followed by agitation 
for another 30 minutes. 

The reaction product was recovered by 
centrifuging mixture which was then dried. 
A polymer powder having an average degree 

45 of polymerization of 490, particle size of 
70 — 130 microns and bulk density of 0.34 was 

'obtained at a p ol ymerization yield of 93% , 

The powder paint was coated onto a plate by 
the procedure outlined in Example 7. The plate 

50 bearing the powder paint was heated to 190° C 
for 5 minutes and a beautiful white coating 
film was obtained. No blocking phenomenon 
of the powder was observed at even 40° C 
and the storage stability of the powder was 

55 excellent. 

Example 11. 
There were charged 10 parts of quinacridone 
red, 35 parts of 2~ethylhexyl phthalate, 16 
parts of alkylpicoliniumchloride, 4 parts of 
60 epoxysoyabean oil and 0.1 parts of acrylic 
acid into the reaction vessel used in Example 5, 
followed by introducing 1 part of ammonium 
persulfate, 0.1 part of n-butyl mercaptan, 1 



part of carbon tetrachloride and 400 parts of 
water. After following the same procedure as 65 
outlined in the foregoing examples, 200 parts 
of vinyl chloride monomer were introduced. 
The resulting reaction mixture was heated 
to 70° C, and stirred at 800 rpm. 

The temperature and agitation were main- 70 
tained for 10 hours during the polymerization. 

After the polymerization, 10 parts of a 
polymerized organic mercapto compound were 
added, followed by another agitation for 5 
hours. The reaction product was recovered by 75 
centrifuging the reaction mixture and was dried 
and passed through a sieve of 60 mesh (Tyler 
Standard Sieve), accompanied by forcing the 
residue left on the sieve through the sieve with 
the fingers. 80 

There was obtained a powder paint having 
an average degree of polymerization of 480, 
a particle size of 40 to 200 microns and a 
bulk density of 0.42 at a polymerization yield 
of 90%. 85 

The powder paint was coated onto a plate by 
electrostatic spray coating as outlined in Ex- 
ample 7 and the plate was heated at 190° C 
for 5 minutes to effect fusion, whereby a 
beautiful red coating film 150 micron thick 90 
was obtained. No blocking phenomenon of the 
powder paint was observed at 40° C, and the 
storage stability of the powder paint was 
excellent. 

Example 12. 95 
15 parts of Fast yellow, 16 parts of poly- 
ethyleneglycol oleylethersulfate, 5 parts of tin 
maleate, J part of styrene, 10 parts of 2- 
ethylhexyl phthalate and 10 parts of a high 
polymer plasticizer; Parablcx G — 25 (Trade 100 
Mark of Rohm and Haas Co.) were mixed 
well and the resulting mixture was charged 
into a reaction vessel as used in Example 9, 
followed by introducing 0.6 parts of potassium 
persulfate and 500 parts of water. After the 105 
reaction vessel was closed the air in the reac- 
tion vessel was replaced by nitrogen gas and 
the pressure was reduced below atmospheric 
pressure. 

— Then, 200 parts of vinyl chloride monomer 110 
were added and the reaction mixture was 
heated to 70° C, with stirring at 1,200 rpm. 

The agitation and the temperature were 
maintained for 8 hours during the polymer- 
ization. After the polymerization was over, 115 
15 parts of polymerized organic mercapto 
compound were added, followed by additional 
agitation for another 30 minutes. The reaction 
product was recovered by centrifuging the 
reaction mixture which was then dried. 120 

A polymer powder having an average degree 
of polymerization of 520, particle size of 50 
to 150 microns and bulk density of 0.36 was 
obtained with a polymerization yield of 95%. 
The polymer powder was used to coat a plate 125 
by the manner described in Example 7, and 
the plate was heated to 185° C for 5 minutes 
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to effect fusion, whereby a yellow coating 
film 100 microns thick was obtained. No 
blocking phenomenon of the powder was ob- 
served at 40° C and the storage stability was 
5 excellent. 

Some physical properties of the powder 
paints of Examples 7 to 12 and the coating 
films formed thereon are given in the Table. 

As seen in the Table, the fusing tempera- 
io tures of the powder paints of these examples 
were low and the coating films formed from 
powder paints were excellent in ^hprmV^I re- 
sistance, water resistance and exterior dur- 
ability. 

15 Comparative test 8. 

As in comparative test 2, the reaction mix- 
ture was subjected to polymerization using 25 
parts of 2-ethylhexyl phthalate ipstead of 80 
parts of butylacrylate and 270 parts of vinyl 

20 chloride, instead of 187 parts thereof, at 65° C, 
thereby obtaining a white powder having an 
average degree of polymerization of 470 and 
a particle size of 80 — 300 microns at a poly- 
merization yield of 90%. The thus obtained 

25 powder was covered with pigment particles on 
its surface, but the pigment and resin were 
separate from each other. The powder paint 
was applied to a plate and the plate was 
heated at 200° C for 5 minutes to fuse the 

30 powders, but a practical coating film was not 
obtained. The plate was farther heated to 230° 
for 10 minutes but although a coating fi lm 
was obtained, it was rough and became dis- 
coloured owing to heat decomposition. In this 

35 test, no surface active agent and no water- 
soluble polymerization initiator was used. 

Comparative test 9. 
A mixture of the following: 



40 



45 



vinyl chloride 
2-ethylhexyl phthalate 
titanium oxide 

polyethyleneglycolsorbitanmono- 

laurate 
benzoyl peroxide 
polymerized tin maleate 



n-butanol 



300 parts 
30 parts 
63 parts 

19 parts 
11 parts 
10 parts 
500 parts 



50 



was subjected to polymerization under the 
following polymerization conditions: 

polymerization temperature 65° C 
duration of polymerization 40 hours 
speed of stirring 500 rpm 

The above mentioned polymerized organic 
mercapto-compound was added after the poly- 
merization reaction was complete. 
55 A coarse polymer powder having an average 
degree of polymerization of 460, and particle 
size of 400 to 800 microns was obtained at a 
polymerization yield of 85%. 

The powder paint was applied to a plate and 



then the plate was heated to 200° C for 10 §q 
minutes to effect fusion, whereby a practical 
coating film was obtained, but its storage 
stability and smoothness were poor. In this 
test, no aqueous medium or water-soluble 
polymerization initiator was present. 65 

Comparative test 10. 
The same procedure as in Example 8 was 
followed in manufacturing a powder paint, 
except for using 1/10 parts of benzoyl per- 
oxide (oil soluble catalyst) instead of ammon- 70 
ium persulfate and potassium persulfate, and 
a coarse powder paint of about 300 microns 
in particle size was obtained. This was un- 
suitable for electrostatic spray coating. In this 
test, no watersoluble polymerization initiator 75 
was present. 

Comparative test 11. 

The same procedure was followed as in Ex- 
ample 7 in manufacturing a powder paint 
except for using 18 parts of polyethyleneglycol- 80 
sorbitanmonolaurate instead of 70 parts thereof . 
A powder paint having an average degree of 
polymerization of 480 and particle size of 70 
to 150 microns and a bulk density of 0.35 was 
obtained at a polymerization yield of 90%. 85 

This paint powder was found to be covered 
continuously with pigment particles on its 
surface. It was applied to a plate which was 
then heated to 220° C to effect fusion, but 
a practical coating film was not obtained. The 90 
volume resistivity of the powder had a value 
as low as 10 7 ohm cm so that the powder 
was unsuitable for electrostatic spray coating. 
In this test, less man 3% (Le. onlv about 2°A. ^ 
of surface active agent was used. " 95 

Comparative test 12. 

The same procedure was followed in poly- 
merizing the reaction mixture as in Example 7, 
except that the speed of the agitator was 150 
rpm. 100 

The solid particles in the resulting emulsion 
were too small to be separated by ccntrifugmg. 
Then, 10 parts of sodium chloride was added 
to the emulsion, thereby precipitating solid 
component. The precipitate was dried, crushed 105 
and sieved, whereby a powder having a partide 
size of 40 to 120 microns was obtained. 

The powder was applied to a plate and the 
plate bearing the powder was heated to 190° 
C for 15 minutes to effect fusion. The resulting 1 10 
coating film was worse in thermostability and 
cracked. In this test, the agitation was in- 
sufficiently vigorous. 

Comparative test 13. 
A paste was prepared by mixing 30 parts 115 
of titanium white, 18 parts of sorbitan mono- 
stearate (HLB 4.7), 4 parts of tin maleate, 
3 parts of butyl acrylate and 20 parts of 
2-ethylhexyl phthalate in a high speed mixer. 
This paste was charged into a reaction vessel, 120 
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followed by adding 1 part of ammonium per- 
sulfate, 0.2 parts of n-butylmercaptan and 500 
parts of water and then the procedure des- 
cribed in the foregoing Examples was carried 
5 out Then, 160 pans of vinyl chloride mono- 
mer were added. 

The reaction mixture was heated, stirring 
at 800 rpm, whereby a coarse powder paint, 
most of the particles of which were larger than 

10 300 microns was obtained. This was unfit for 
electrostatic spray coating. Some physical pro- 
perties of the powder paints of the preceding 
comparative tests 8 to 13 as well as of the 
coating films formed from them are shown in 

15 the Table. 

As seen in the Table, the coating films from 
the comparative test have poor chemical re- 
sistance, water resistance and exterior dur- 
ability and were about 2H hardness of pencil. 

20 In this test, a surfactant having an HLB value 
of at least 8 was not used. 

Example 13. 
A paste which was prepared by mixing 25 
parts of titanium oxide, 6 parts of poly- 

25 ethyleneglycolnonyiphenylether of HLB 14, 20 
parts of ethyl acrylate and 80 parts of ethyl 
methacrylate, in a high speed rotating mixer 
was charged into the reaction vessel used in 
Example 1, except that the agitator had the 

30 same type and number of impellers, of which 
the arms were 7.5 cm in length, followed by 
adding 1 part of ammonium persulfate, 0.2 
parts of ethylmercaptan and 300 parts of 
water. 

35 After the air in the reaction vessel had been 
replaced by nitrogen by the procedure des- 
cribed in tie previous Examples, the resulting 
mixture was heated to 60° C, and stirred at 
800 rpm. The temperature and the agitation 

40 were maintained for 8 hours during the poly- 
merization. The reaction mixture was treated 
by the procedure as previously described, so 
that a powder paint having a particle size of 
60 to 130 microns and a bulk density of 0.32 

45 was obtained at a polymerization yield of 95%. 
The powder paint was applied by electrostatic 
'spray coating to a cold rolled steel sheet 

(J1S — G — 31 41) and then the sheet was~ 

heated to 200° C for 5 minutes to effect fusion 

50 so that a beautiful white coating film 100 
microns thick was obtained. 

Example 14. 
There were mixed 10 parts of carbon black 
and 20 parts of n-butyl methacrylate and 
55 further added 8 parts of sodium dodecyl- 
benzenesulfonate and 180 parts of n-butyl 
methacrylate using a high speed rotating mixer, 
to obtain a paste. 

The paste was charged into the reaction 
60 vessel used in Example 13 followed by adding 
0.2 parts of potassium persulfate, 0.3 parts 
of thiophenol and 500 parts of water. 

The resulting mixture was subjected to 



polymerization at a temperature of 650° C 
and stirred at 1,000 rpm over 10 hours whereby 65 
a powder paint 'having a particle size of 60 to 
140 microns and a bulk density of 0.35 was 
obtained at a polymerization yield of 96%. 

Pigment particles were dispersed in the 
interior of the powder paint and the volume 70 
intrinsic resistivity thereof was found to be 
7xl0 15 f*cm. The powder paint was used for 
electrostatic spray coating and baking by the 
procedure described in Example 13 whereby 
a beautiful white coating film 50 microns thick 75 
was obtained after heating at 180° C for 6 
minutes. 

Example 15. 

To a mixture of 20 parts of titanium oxide, 
3 parts of phthalocyanineblue, 120 parts of 80 
ethyl methacrylate, and 30 parts of n-butyl 
methacrylate were added 12 parts of poly- 
eihyleneglycolsorbitanmonostearate, and the re- 
sulting mixture was mixed using a high speed 
rotating mixture to obtain a paste. The paste 85 
was charged into a vessel as used in Example 
1, followed by 0.3 parts of potassium per- 
sulfate, 0.3 parts of ammonium persulfate, 
0.1 parts of n-butylmercaptan and 400 parts 
of water. 90 

Then, the air in the reaction vessel was 
replaced by nitrogen gas. The resulting mix- 
ture was subjected to polymerization at a 
temperature of 70° C and stirred at 700 rpm 
for 8 hours. 95 

After the reaction was complete, 2 parts 
of dioctyl sulfide and 1 part of phenyl sali- 
cylate were added to the reaction vessel, fol- 
lowed by' further stirring for 30 minutes, so 
that a powder paint having particle sizes of 30 100 
to 120 microns and a bulk density of 0.34 was 
obtained at a polymerization yield of 93%. 

The powder paint did not have a significant 
quantity of particles on its surface but rather 
the pigment particles were dispersed in the 105 
interior of the particles. The powder paint was 
applied by electrostatic spray coating to a 
steel plate by the procedure described in Ex- 
ample 13, and then the plate was heated to 
205° C for 5 hours, whereby a beautiful blue 110 
coating film 40 microns thick was obtained: 

Example 16. 

To a mixture of 15 parts of Hansa yellow, 
60 parts of ethyl methacrylate, and 40 parts of 
n-butyl methacrylate, were added 3 parts of 115 
dodecylbenzene ethoxy sulfate and 4 parts of 
polyethyleneglycollaurylether. The resulting 
mixture was mixed in a high speed rotating 
mixture to obtain a paste. The paste was 
charged into a reaction vessel as used in Ex- 120 
ample 1, followed by adding 0.3 parts of 
ammonium persulfate, 0.05 parts of n-butyl- 
mercaptan and 350 parts of water. 

After the air in the reaction vessel had been 
replaced by nitrogen, the reaction mixture 125 
was heated to 70° C, with stirring at 700 
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rpm. The temperature and the agitation were 
maintained for 6 hours during the polymer- 
ization. 

After the reaction 2 parts of dioctylsulfide 
5 were added to the reaction vessel, followed 
by agitation for 30 minutes. A powder paint 
having a particle size of 50 to 160 microns 
and a bulk density of 0.32 was obtained at a 
polymerization yield of 93%. The powder 
*lb paint was applied by electrostatic spray coat- 
ing to a plate as in Example 13, and the plate 
was heated at 195° C for 6 minutes, whereby 
a beautiful yellow coating film 80 microns 
thick was obtained. 

15 Example 17. 

The procedure of Example 15 was followed, 
except that after 5 hours from commencement 
of polymerization, 10 parts of acrylic acid were 
added to the reaction vessel. After the reaction, 

20 Epikote 825 (Registered Trade Mark) was 
added, followed by agitation for 30 hours. 
The resulting product was separated from the 
reaction mixture by a superdecanter and was 
dried, whereby a powder paint having a par- 

25 tide size of 60 to 120 microns and a bulk 
density of 0.35 was obtained at a polymeriza- 
tion yield of 94%. 

The powder paint, the pigment particles of 
which were dispersed substantially in the 

30 interior thereof was applied by electrostatic 
spray coating to a plate as used in Example 13 
and then the plate was heated to 205° C for 
5 minutes, whereby a beautiful pale blue 
coating film 70 microns thick was obtained. 

35 Further heating for 15 minutes more resulted 
in a hard coating which had good chemical 
resistance. 

Example 18. 
The procedure of Example 14 was followed, 

40 except that after the reaction was over, 10 
parts "of Epikote 828 (a product of The Shell 
Chemical Co.) and 11 parts of dicyandiamide 
were added, followed by agitation for 10 
minutes. The resulting product was separated 

45 from the reaction mixture by means of a centri- 
fugal separator and was dried, whereby a 
powder paint having a particle size of 40 to 
110 microns and a bulk density of 0.35 was 
obtained at a polymerization yield of 90%. 

50 The powder paint, which substantially con- 
tained the pigment in the interior of the par- 
ticles was applied by electrostatic spray coating 
to a plate as was used in Example 1 and the 
plate was heated to 180° C for 5 minutes, 

55 whereby a beautiful black coating film was 
obtained. 

Example 19. 
To a mixture of 30 parts of carbon black 
and 50 parts of methyl methacrylate were 
60 added 25 parts of polyethyleneglycolsorbitan- 
monostearate, 100 parts of methyl meth- 
acrylate, 10 parts of methyl acrylate and 3 



parts of 4-vinyl pyridine and the mixture was 
mixed in a high speed rotating mixer to obtain 
a paste. * 65 

The paste was charged into a reaction vessel 
as was used in Example 13, followed by adding 
0.1 parts of potassium persulfate, 0.45 parts 
of sodium bicarbonate and 600 parts of water 
and then the ambient atmosphere in the reac- 70 
tion vessel was replaced by nitrogen gas. The 
reaction mixture was heated to 80° C, and 
stirred at 1,000 rpm. The temperature and the 
stirring were maintained during the polymer- 
ization. After 3 hours from the commencement 75 
of the polymerization reaction, there were 
added 4 parts of giycidyl methacrylate, fol- 
lowed by agitation for 2 hours. 

After the polymerization reaction was com- 
plete, 2 parts of dioctylsulfide were added, 80 
followed by another agitation for 20 minutes, 
and the resulting emulsion of pH 7.5 was 
separated using a centrifugal separator. 

A powder paint having a particle size of 50 
to 150 microns and a bulk density of 0.35 was 85 
obtained at a polymerization yield of 95%. 

The resulting powder paint was applied by 
electrostatic spray coating to a plate as. des- 
cribed in Example 1 and the plate was heated 
at 200° C for 15 minutes, whereby a beautiful 90 
black coating film 90 microns thick was 
obtained. 

Example 20. 
A mixture of 25 parts of titanium oxide, 

5 parts of carbon black, 20 parts of ethyl 95 
methacrylate, 80 parts of n-butyi methacrylate, 

6 parts of polyethyleneglycolsorbitanmono- 
laurate, 02. parts of ammonium persulfate* 0.2 
parts of n-butylmercaptan and 350 parts of 
water was charged into a reaction vessel as 100 
used in Example 13 and then the air in the 
reaction vessel was replaced by nitrogen. 

The reaction mixture was heated at 70° C 
and stirred at 800 rpm. 

The temperature and the agitation were 105 
maintained for 8 hours during the polymer- 
ization. 

The reaction product was separated from the 
reaction mixture by a centrifugal separator 
and was dried, whereby a powder paint having 110 
a particle size of 60 to 150 microns and a 
bulk density of 0.35 was obtained at a poly- 
merization yield of 98%. 

The powder paint was applied by electro- 
static spray coating to a plate as used in Ex- 1 15 
ample 1, and the plate was heated to 205° C 
for 5 minutes, whereby a grey coating film 100 
microns thick was obtained. 

Some physical properties of the powder 
paints of each of Examples 13 to 20 as well 120 
as of the coating films formed from them are 
shown in the Table. As can be seen in the 
Table, the baking temperature of each of these 
powder paints is low, and each coating film 
has good chemical resistance and exterior dur- 125 
ability. 
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Comparative test 14. 
A reaction mixture was subjected to poly- 
merization by the same procedure as in Ex- 
ample 13 except that 3 parts of benzoyl 
5 peroxide was used as catalyst. 

A powder paint having particle sizes of 50 
to 180 microns was obtained at a polymer- 
ization yield of 94%. 

Since the powder paint particles were not 
10 spherical and a portion of the pigment was 
dispersed on the surface of the particles, the 
paint was unsuitable for electrostatic spray 
coating. 

The powder paint was applied by electro- 
15 static spray coating to a plate as in Example 
13, and the plate was heated to 200° C for 
6 minutes, but a coating film was not obtained. 
The plate was then heated to 200° C for 
10 ■minutes but the resin component decom- 
20 posed to such a degree that a satisfactory coat- 
ing film was not obtained. In this test, no 
water-soluble polymerization intiator was used. 

Comparative test 15. 
A reaction mixture was subjected to poly- 

25 merization by the procedure as was followed 
in Example 14 except that 1,200 parts of 
water were used. After the reaction, the result- 
ing product was separated from the reaction 
rnixture by means of a centrifugal separator 

30 and was then dried, whereby a powder paint 
having a particle size of 80 to 210 microns and 
a bulk density of 0.15 was obtained at a 
polymerization yield of 92%. 

The powder paint was applied by electro- 

35 static spray coating to an article of complicated 
shape and the article was heated to 190° C for 
5 minutes whereby a beautiful coating film 
was obtained except at the corners where the 
film was cracked. In this test, over 400% (i.e. 

40 about 600%) of an aqueous medium was 
present. 

Comparative test 16. 
A reaction mixture was subjected to poly- 
merization in a similar manner to that des- 

45 'rrihf ^H in Kvam ple 14 except that it was 
stirred at 100 rpm. 

After the reaction, the resulting product was 
treated in a centrifugal separator but most of 



the product passed through the filter cloth of 
the separator and was therefore not recovered. 50 

This proved that there cannot be obtained 
particles of suitable size for electrostatic spray 
coating if the emulsion-polymerization is not 
conducted with vigorous stirring. The powder 
paint recovered from the surface of the filter 55 
cloth was dried. The powder paint was ob- 
tained at a polymerization yield of 10% and its 
particle size was 15 to 45 microns. Then the 
powder paint was applied by electrostatic spray 
coating to a plate as in Example 14, and the 60 
plate was heated to 180° C for 5 minutes, 
whereby a coating film 80 microns thick was 
obtained. In this test, the agitation was not 
sufficiently vigorous. 

Comparative test 17. 05 

A mixture of 80 parts of butyl methacrylate, 
20 parts of ethyl methacryiate, 5 parts of poly- 
ethylenesorbitanmonostearate, 0.3 parts of 
potassium persulfate, 500 parts of water and 
0.2 parts of n-butylrnercaptan was charged 70 
into a reaction vessel as used in Example 13. 

The reaction mixture was heated to 60° C 
with stirring at 100 rpm. The temperature and 
the agitation was maintained for 6 hours during 
the polymerization, with the result that the 75 
resulting polymer could not be separated from 
the emulsion by a mechanical separator. 

Then the emulsion was subjected to salting 
out, folowed by drying and crushing the result- 
ing product, A powder polymer having a 80 
particle size of 10 to 25 microns was obtained. 

100 parts of the powder polymer, 15 parts of 
titanium oxide and 10 parts of 2-ethylhexyl 
phthalate were treated in a high-speed rotating 
mixer, and a powder paint of particle size 50 85 
to 150 microns was obtained. 

The powder paint was applied by electro- 
static spray coating to a plate as in Example 
13 and the plate was heated to 200° C for 
5 minutes, but a coating film was not obtained. 90 

The plate was then heated to 220° C for 
10 minutes but the powder paint decomposed 
to such an extent that a satisfactory coating 
film was not obtained. 

Some physical properties of each powder 95 
paint of comparative tests 14 to 17 as well 
as of each coating film formed by the appli- 
cation thereof are shown in the Table. 
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Properties of coating film 
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Note: 

1. Index of fluidity was measured by Kah's 
method using a powder Tester manufactured 
by Hosokawa Iron Works of Japan. Index of 

5 100 shows best fluidity. 

2. Bulk density was measured by method 
of measuring hardness using the tester as 
described in Note 1. 

.^3. Volume resistivity was value of resistance 
10 when sample was loaded at 500 V, DC for 1 
minute using Measurement Instrument of 
Takeda Riken Co. Ltd. 

4. Chemical resistivity was evaluated by 
discoloration of sample when it was immersed 

15 into a 10% NaOH solution and a 10% 
H 2 S0 4 solution respectively for 7 days. 

5. Exterior durability was evaluated by the 
appearance of a sample which had been placed 
outdoors for one years. 

20 6. Water resistance was evaluated by change 
of sample which had been immersed in distilled 
water for one week. 

7. Hardness (Pencil Test) was evaluated by 
attempting to scratch the surface of the coating 

25 with sharpened pencils of various hardnesses. 

The hardness of -the film is expressed as -the- 

hardness of the softest pencil which can scratch 
the film when applied to the film at a given 
pressure. (Japanese Industrial Standard No. 

30 JIS K5400). 

Expressions of evaluation. 
©: splendid 0 : good 
A: bad X: very poor 

WHAT WE CLAIM IS:— 
35 1. A process for preparing a powder com- 
position suitable for dry electrostatic spray 
coating, comprising the steps of emulsions 
polymerizing a reaction mixture of: 

(i) a first monomer component which is 
40 vinyl chloride and/or at least one monomer 

having the formula: 

R 2 O 

CH 2 = C— cLo— R 2 

wherein R x is hydrogen or methyl and R 2 
is a hydrocarbon group having 1 to 18 
45 carbon atoms, and mixtures of said mono- 
mers, 

(ii) from 0 to 185 parts by weight, per 
100 parts by weight of monomer component 
(i), of at least one comonomer copolymer- 

50 izable with monomer component (i) selected 
from dibutyl maleate, vinyl acetate, vinyl 
propionate, glycidyl aery late, glycidyl meth- 
acrylate, allyl glycidyl ether, hydroxy ethyl 
acrylate, hydroxy ethyl methacrylate, di- 

55 ethyl aminoethyl acrylate, diethylaminoethyl 
methacrylate, vinyl pyridine, acrylic acid, 
methacrylic acid, maleic acid, maleic an- 



60 



hydride, dioctyl maleate, styrene, methyl 
styrene, vinyl toluene, N-methylolacryi- 
amide, acrylamide, methacrylamide, acrylo- 
nitrile, methacrylonitrile, butadiene, vinyl 
caprylate, isobutylvinyl ether, vinylidene 
chloride, itaconic acid, N-phenyimeth- 
acrylamide, 2-vinyl naphthalene, allyl 
acetate, allylacrylate, vinyl isocyanate and 65 
vinyl urethane, 

(iii) from 0.1 to 50 weight percent, based 
on the sum of components, (i) and (ii), 
of a water-insoluble pigment, 

(iv) from 3 to 20 weight percent, based 
on the sum of components, (i) and (ii), of 
a water-soluble organic surfactant having an 
HLB value of at least 8, 

(v) a water-soluble polymerization initi- 
ator, and 

(vi) from 200 to 400 weight percent, 
based on the sum of components (i) and 
(ii), of an aqueous liquid medium, 
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while simultaneously vigorously agitating the 
reaction mixture throughout the polymeriza- 
tion such that the circulation number per 
_ minute of the reaction mixture is at- least— 3, 
wherien the circulation number per minute 
is equal to the integrated volume of the cir- 
culating flow of the reaction mixture per 
minute divided by the total volume of reaction 
mixture, in the polymerization vessel to pro- 
duce substantially spherical polymer particles 
having a particle size of within the range of 30 
to 250 microns, a bulk density of at least 
0.3 g/cl and a volume intrinsic resistivity of 
at least 10 9 ohm-cm; separating the solid 
polymer particles from the aqueous medium 
and drying the polymer particles. 

2. A process as claimed in Claim 1 in which 
the circulation number per minute (as herein 
denned) as a result of vigorous agitation is 
from 5 to 30. 

3. A process as claimed in Claim 1 or 2, 
in which the reaction rnixture contains at least 
one additive selected from plastic flow im- 
proving agents, stabilizers, ultraviolet ray 
absorbing agents, thermal stability improving 

^entST-moleculaT-wei ght adjus t ing agents and 
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curing agents. 

4. A process as claimed in any preceding 
Claim, in which after the emulsion polymer- 
ization is completed and before the solid 
polymer is removed from the aqueous medium, 
a thermal decomposition preventing agent is 
added to the reaction system to be absorbed 
on the surfaces of the polymer particles. 

5. A process as claimed in any preceding 
Claim, in which said monomer component (i) 
consists essentially of vinyl chloride, the re- 
action mixture contains from 0.1 to 15 percent 
by weight, based on the combined weights of 
components (i) and (ii), of a stabilizer for 
polymers containing vinyl chloride units, and 

the degree of polymerization of the polymer 120 
is from 300 to 600. 
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6. A process as claimed in any preceding 
Claim, in which the said reaction mixture 
contains a fluidity improving agent. 

7. A process as claimed in Claim 1 3 in which 
prior to the emulsion polymerization step, the 
pigment, the surf actant and the monomer com- 
ponent (ii) are premixed to form a uniform 
paste, and the paste thereby obtained is then 
mixed with the said aqueous medium and the 
polymerization initiator and then the chloride 
is added to and mixed with the reaction mix- 
ture and then the reaction mixture is subjected 
to the emulsion polymerizing step. 

8. A process as claimed in Claim 1, in 
which the reaction mixture contains from 5 to 
100 parts of monomer component (ii) per 100 
parts by weight of monomer component (i). 

9. A powder paint composition for appli- 
cation to a substrate by a dry electrostatic 
spray coating process, essentially comprising: 

substantially spherical, polymer particles 
having a particle size in the range of from 30 
to 250 microns, a volume intrinsic resistivity 
of at least 10 9 ohm-cm and a bulk density 
of at least 0.3 g/cl, said polymer particles 
having pigment particles embedded therein 
and uniformly dispersed throughout the 
interior thereof, the surface of the polymer 
particles being substantially free from adhering 
pigment particles, said pigment particles being 
present in an amount of from 0.1 to 50 weight 
percent, based on the sum of the weights of 
polymer components (i) and (ii), said polymer 
consisting essentially of units of (i) a first 
monomer component comprising vinyl chloride 
and/or at least one monomer having the 
formula: 



20 
50 



CH 2 : 



R x O 

=C— <C — O — R 



wherein Ri is hydrogen or methyl and R 2 is a 
hydrocarbon group having 1 to 18 carbon 
atoms, and mixtures of such monomers, and 
(ii) from 0 to 185 parts by weight, per 100 
parts by weight of monomer component (i), 
of at least one comonomer copolymerizable 
with monomer component (i) and selected 
from dibutyl maleate, vinyl acetate, vinyl 
propionate, glycidyl acrylate, glyridyl meth- 
acrylate, aliyi glycidyl ether, hydroxyethyl 
acrylate, hydroxyethyl methacrylate, diethyl- 



aminoethyl acrylate, diethylaminocthyl meth- 
acrylate, vinyl pyridine, acrylic acid, meth- 
acrylic acid, maleic acid, maleic anhydride, 
dioctyl maleate, styrene, methyl styrene, vinyl 
toluene, N-methylolacrylamide, acrylamide, 
methacrylamide, acrylonitrile, methacrylo- 55 
nitrile, butadiene, vinyl caprylate, isobutyl vinyl 
ether, vinylidcnc chloride, itaconic acid, N- 
phenylmethacrylamide, 2-vinyl naphthalene, 
allyl acetate, aUylacrylate, vinyl isocyanate and 
vinyl urethane. 60 

10. A powder paint composition as claimed 
in Claim 9, in which said first monomer is 
vinyl chloride, said polymer containing from 
0.1 to 15 percent by weight of a stabilizer 

for polyvinyl chloride and said polymer having 65 
a degree of polymerization of from 300 to 
600. 

11. A powder paint composition as claimed 
in Claim 9, in which said polymer consists of 
monomer units of said formula. 70 

12. A powder paint composition as claimed 
in Claim 9, in which said polymer contains 
from 5 to 100 parts by weight of component 
(ii) per 100 parts by weigth of component (i). 

13. A powder paint composition as claimed 75 
in Claim 9, in which said particles contain one 

or more additives selected from plastic flow 
improving agents, stabilizers, ultraviolet ray 
absorbing agents, thermal stability improving 
agents, molecular weight adjusting agents and 80 
curing agents. 

14. A powder paint composition as claimed 
in Claim 9, in which the surface of said 
particles have a thermal decomposition prevent- 
ing agent coated thereon. 85 

15. A process as claimed in Claim 1 in 
which the vigorous agitation of the reaction 
mixture is effected by rotating an agitator 
having turbine blades at from *200 to 1,200 
rpm. 90 

16. A powder paint composition as claimed 
in Claim 13 containing a curing agent selected 
from dicyanidiamide, boron trifluoride-piper- 
idine, an epoxy compound or an acid anhydride 
effective to make said polymer thermosetting. 95 
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